Abstract. Since the Linked Data is continuously growing on the Web, the quality of overall data can rapidly degrade over time. The research proposed here deals with the quality assessment in the Linked Data and the temporal linking techniques. First, we conduct an in-depth study of appropriate dimensions and their respectively metrics by defining a data quality framework that evaluates, along these dimensions, linked published data on the Web. Second, since the assessment and improvement of the Linked Data quality such as accuracy or the resolution of heterogeneities is performed through record linkage techniques, we propose an extended technique that apply time in similarity computation which can improve over traditional linkage techniques. This paper describes the core problem, presents the proposed approach, reports on initial results, and lists planned future tasks.
Problem Definition
Data quality is an important issue for data driven applications which should be deeply investigated and understood. As a consequence of non controlled quality of the data that flows across information systems, the overall data can rapidly degrade over time. The literatures provides a wide range of techniques used to assess and improve the quality of data, such as record linkage, business rules, and similarity measures [2] . However, the quality becomes more complex and controversial as a consequence of networked-based structure (such as the web), where the amount of data evolve and it becomes more complex to be controlled.
Our focus is based on the assessment of data sets represented by structured data published on the web, known as Linked Data [4] . The aspect of quality in Linked Data is considered as an important task to consumers for a number of obvious reasons: they need data to be correct, thus, they need to have the ability to select and compare data from different sources to detect and correct errors in the data sets. Missing values or duplication can lead to applications not realizing the full potential of exchanging data.
Techniques as record linkage are mostly used to assess and improve the data quality of the information systems. Although these techniques have been adapted in the Linked Data context [11] , they ignore as well as the traditional one that real-world entity can evolve over time and can fall short for temporal data. For example, a person can change her phone number and address and so facts that describe the same real-world entity at different times can contain different values. Identifying entities that refer to the same concept enables interesting longitudinal data analysis over such data. Thus, the representation of temporal entities within the Linked Data cloud is an essential step of the linking which provide linking in a temporal context and likewise evaluate the quality of the Linked Data.
As a possible scenario, we can consider the Digital Bibliography & Library Project (DBLP)
1 , published as Linked Data. It is one of the largest collection of bibliographic metadata about computer science publications over many decades. Although in general the DBLP data is of a very high quality, we have noticed some quality problems by querying that data. We wish to identify individual authors such that we can list all publications by each author. This data set contains temporal entities over a long period of time; each entity is associated with a time stamp and describes some aspects of a real-world entity at that particular time. A necessary extension to the traditional linking should be approached by incorporating the time concept to the entities.
In particular, this PhD work will concentrate on assessing the quality of Linked Data which is divided into two parts. First, to solve the above mentioned problem we aim at providing data quality dimensions as well as related metrics and validation tools which are mandatory for the assessment of quality of the published data (Linked Data). Second, as a continuously work of quality assessment we aim at providing an in-depth study about the matching heuristics defined in the context of Linked Data and the application of the approach proposed in [16] for linking temporal facts that describe the same real-world entity over time and so be able to trace the history of that entity.
State Of the Art

Quality aspect in Linked Data
The assessment of data quality is considered as a continuous cycle involving four major steps: the definition of quality dimensions, measuring these dimensions through sound and measurable metrics, and analyzing the results [21] . Starting from some previous works which describe six most important classifications of quality dimensions, it is possible to define a basic set of data quality dimensions, including accuracy, completeness, consistency, and timeliness. Concerning the Web, a model that associates quality information with Web data is proposed in [18] . Several dimensions are considered, such as volatility, completability, and semantic and syntactic accuracy.
Linked Data, as all the data driven application need a thorough assessment. But the assessment of Linked Data poses a number of unique challenges: due to the structured nature of Linked data published in an open environment such as the web. A comprehensive study of various problems related to the quality in Linked Data have been conducted in [13] . In fact the use of incompatible levels of abstraction makes complex a true context-sensitive analysis in elaborating query answering and visualization scenarios. Broken links in Linked Data or the ambiguous use of owl:sameAs are some of the data quality errors that can reduce the usability of a Linked Data approach. Broken Linked Data appears when it is impossible to retrieve the content of structured data due to server errors or the general unavailability of a reference. The owl:sameAs property is used to connect different data element to support semantic data integration. That is, any two URI references connected by owl:sameAs should be the same thing. But in reality, the correctness cannot be ensured and some analysis in the literature underline the different semantic associated by different designers to the owl:sameAs properties. Therefore, the authors in [9] conduct an empirical study and proposed several components of a general strategy for integrating and fusing information from the URIs in an owl:sameAs network. An approach has been proposed for quality and trustworthiness assessment based on provenance information in [10] . A description of dimensions and related metrics for the assessment of Linked Data are partly a contribution of Web community [1] . With the goal to evaluate a quality-driven information filtering a framework is proposed in [3] which supports information consumers in their decision whether to accept or reject information. This framework requires the contribution of the consumer on writing the policies.
Temporal linking aspects in Linked Data
Record linkage considers a set of records as input and discovers which of them refers to the same real-world entity, even if the records are not identical. They typically relies on string comparison techniques which compare multiple properties of the entities that are to be interlinked. The first studies were introduced in the statistic community [7] . Record linkage, also called identity resolution or duplicate detection, is a well-known problem in database community [5] as well as in the ontology matching community [6] .
Recently, this approach is finding application in a new community such as the Linked Data. The usual approach uses automatic or semi-automatic record linkage heuristics to generate links between data sources. Silk − a Link Discovery Framework is a toolkit used for discovering and maintaining data links between Web data sources [20] .
Considering the time evolution of entities in the the record linkage, some approaches have been developed [16] . The value evolution over time has been addressed in [16] by introducing the concept of decay applied in a global fashion. This approach could be also employed in our solution. Within the Semantic Web community, the representation of temporal information encodes the semantics into a time ontology which describes the temporal content of Web pages and the temporal properties of Web services [12] . Some other existing approaches include temporal RDF for the representation of temporal information which introduce time in RDF by assigning a number t for the temporal validity of a triple [8] ; versioning which suggests that the ontology has different versions, one per instance of time [15] ; named graph to implement temporal graphs which were designed to handle statements temporal validity [19] , etc. There is also another approach based on tracing knowledge evolution over time which extract temporal facts to build a large-scale temporal information system [22] .
Proposed Approach and Methodology
The contribution of this PhD work is twofold: (i) enrich the actual quality assessment framework defined in [3] by adding a new component composed by a set of quality dimensions, new measures and validation tools for higher quality of the published data; (ii) define new algorithms for performing linking between two data sets considering the temporal aspect of entities in the Linked Data.
In the following, we give an overview of the methodology which we want to follow to come up with the aforementioned contributions.
New component for data quality assessment
While there are significant overlaps, our approach focuses on assessing the quality of structured data on the web by defining a "filtered" set of quality dimensions which fit better to the user or application requirement, rather than a continuously creation of new dimensions and separated methodologies. In this context we introduce the concept of Data Profiling (DP) defined as the application of data analysis techniques to existing data sources for the purpose of determining their quality. Therefore, the aim of this work is to define a data quality framework as a set of guidelines and techniques that, starting from input information describing a given application context, defines a rational process to assess and improve the quality of published data. Furthermore, our intent is to drive through an automatic or semi-automatic data quality approach. The achievement of an automatic data quality framework raises complex research issues and challenges, which we intend to tackle in this PhD. More precisely, we will focus on the creation of a repository of quality dimensions that are interesting for Linked Data purpose (both consumer and producer view point), for each dimension at least one metric (subjective or objective) and a framework able to analyse the data sources by means of probes that implements the above defined metrics. Results of this analysis will be shown in a dashboard so that it could be easier to understand the quality of exposed data source.
As a first step work we introduce a framework based on green engineering aspects where we have extracted only 9 of the original 12 principles with a short description, the dimensions in which they expand and measures for the assessment of linked data on the Web. [14] . The evaluation of the data will be done through validators which will consist of open source or off-the-shelf algorithms offered in the Web of Data community, as well as new validators (e.g. to check comprehensibility) that we are implementing.
Temporal Linking in Linked Data
The approach followed in this paragraph is inspired by legacy related work for structured data from the database community since the record linkage techniques are used to assess and improve the quality. In fact, if data quality issues are related to the accuracy and completeness dimensions which represent a quality aspect of the data then the improvement method is targeted to the record linkage technique.
However, the temporal record linkage gain an important role since it goes further from the traditional record linkage for the quality assessment. Therefore, considering the temporal aspects within the Linked Data is an essential step in order to provide connection of the same entities expressed in different time stamp.
A first step of defining a temporal record linkage will be targeted at transferring techniques from relational databases to the Linked Data environment [17] . For instance, it has been observed that the record linkage is a well-known problem in database community [5] and many of the techniques from these fields are directly applicable in the Linked Data context [11] . Thus, we will appropriately adapt the use of "time decay", which aims to capture the effect of time elapse on entity value evolution. As an example, let us consider RDF triples that describe paper authors. Let consider two real world persons: A1 and A1'. In Figure 1 we have author A1 who was at "The Open University" in year Y1; then A1 moved to "University of Milan Bicocca" in year Y2; A1' describe another entity, this author moved from "University of Milan Bicocca" in year Y3 to "Karlsruhe Institute of Technology" in year Y4.
Despite the challenges, temporal information does present additional evidence for linkage. We can notice that the if we consider A1 and A1' as the same person he is moving back and forth from one university to another. Exploring such evidence would require a global view of the facts with the time factor in mind. In particular we want to apply the concept of false positive and false negative related to the time decay. In particular, we consider false negative when there are changes on a value then it is not necessarily considered that these values are referring to different entities; we consider false positive when a value remain the same with a long time gap then it is not referring to the same entity. Afterwards we plan to learn decay from labelled data and apply it when computing links between entities.
An overview of what will be followed during the research is briefly described below. First, when creating explicit data links between entities, the traditional link discovery technique reward high value similarity and penalize low value similarity. However, as time slip away, values of a particular entity may evolve. Meanwhile, different entities are more likely to share the same value(s) with a long time gap. Thus, decay is introduced to reduce the penalty for value disagreement and reward for value agreement over a long period. We expect to have better results by applying decay in similarity computation.
Results and Conclusions
The PhD work is now in the first year. Current work involves analysing the data quality dimensions addressed by several research efforts. The results so far are: literature study on data quality methodologies by a comparative description, create a framework to be able to provide a set of dimensions and their respective measures for helping the consumer or the publisher on evaluating the quality of their Linked Data. Related to the second contribution we firstly considered a comparison of interlinking approaches. The idea was to verify if there exist a full cover of all steps presented in the traditional record linkage activity. The approach we considered was the following: (i) define the main steps present in the record linkage (ii) evaluate the current works based on those steps (iii) define the problems and future works
In Figure 2 we can see the works 2 considered in this comparison which operate principally on the instance matching level. The basic idea is that only one or two of them cover all the steps used in the record linkage task. A key aspect has been underestimated so far in the research in the linking task, in particular the Search Space Reduction step. This step has been deeply investigated only in two works. Therefore, in the Search Space Reduction there are no many methods proposed to reduce efficiently the number of entity comparisons. Finally, we can conclude that a lot of works need to be done to improve the quality of linking techniques in the Linked Data. With the perspective of improving the interlinking between data sets we concentrate on linking with temporal information such that to capture the effect of elapsed time on entity value evolution. We define a use case for applying the approach explained earlier. We consider that this work will be very beneficial for the above reasons.
In our future work, we will focus on the effectiveness of the assessment measures defined in the framework based on their nature (subjective or objective). We especially would be interested to investigate the role of the temporal linking technique in the overall framework, e.g., how some of the dimensions defined in the framework will be processed by the temporal linking technique to achieve better results.
